Background: Acute aortic dissection (AAD) is often missed on initial assessment. Purpose: The aim of our study was to identify features associated with misdiagnosis of AAD.
Introduction
Acute aortic dissection (AAD) is a critical disease state requiring immediate diagnosis and optimal treatment. For example, the mortality rate of AAD is reported to rise by 1% per hour during the first 48 h after onset of symptoms if left untreated [1] . However, not all patients present with the acute onset of severe chest or back pain that is typical of AAD. Instead, some patients present with neurologic deficits, dyspnea, or other symptoms [1] [2] [3] [4] [5] . The severity of AAD at initial presentation varies from mild, such as ''walkin patients'' to cardiopulmonary arrest. The wide range of manifestations of AAD sometimes makes diagnosis difficult [6] . A previous study performed almost two decades ago showed that 38% of patients with aortic dissection had been misdiagnosed on initial evaluation, and that a further 28% of patients had not been diagnosed until postmortem examination [3] . More recent imaging modalities including helical computed tomography (CT), transesophageal echocardiography (TEE), and magnetic resonance imaging (MRI) are reported to diagnose AAD with high accuracy [7] , but cases of AAD being mistaken for other diseases such as acute coronary syndrome (ACS) are still far from rare [8, 9] . The specific aim of our study was to evaluate the clinical features and predictors of AAD misdiagnosis in the emergency room (ER) of a tertiary medical center in Japan.
Methods

Study population
From April 2005 to March 2010, 124 patients suffering from AAD visited the outpatient clinic for emergency patients (ER) of the Yokohama City Minato Red Cross Hospital. Diagnosis of AAD was confirmed by imaging. Acute aortic dissection was defined as aortic dissection occurring <14 days after symptom onset [3] . We excluded patients who were transferred to our hospital after a diagnosis of AAD at other hospitals (n = 13), and those whose aortic dissection was due to trauma (n = 2). The remaining 109 patients with AAD were enrolled in this study. Classification of AAD was based on the Stanford classification [10] , according to which 42 patients (39%) had type A and 67 patients (61%) had type B AAD. With respect to the status of the false lumen [11] , 32 patients (29%) had patent type, 23 patients (21%) had partial thrombosis type, and 54 patients (50%) had complete thrombosis type false lumen. Medical records were retrospectively reviewed to collect patient data including clinical characteristics, results of diagnostic tests, and in-hospital management and outcome.
Patient clinical characteristics
The clinical characteristics of patients reviewed included age, sex, initial vital signs, presenting symptoms, previous medical history, admission route (ambulance or walk-in), Stanford classification of AAD, the type of false lumen, and involvement of aortic aneurysm. We reviewed systolic blood pressure and heart rate on admission, differential blood pressure (more than 20 mm Hg difference between arms) or pulse deficit, neurological symptoms, and location and quality of pain. We checked for medical history of hypertension (systolic blood pressure ≥140 mm Hg and/or diastolic blood pressure ≥90 mm Hg, or taking of antihypertensive drugs), dyslipidemia (low-density lipoprotein cholesterol level ≥140 mg/dl, triglyceride level ≥150 mg/dl and/or highdensity lipoprotein cholesterol level <40 mg/dl, or taking of lipid-lowering drugs), diabetes mellitus (fasting glucose level ≥126 mg/dl, or taking of antidiabetic drugs), coronary artery disease, smoking status, and prior cardiovascular surgery.
Initial assessment in the ER
During the initial assessment in the ER, attending physicians took a medical history and performed a physical examination, blood test, electrocardiogram (ECG), and chest radiography. Blood tests included white blood cell (WBC) count, C-reactive protein (CRP) level, creatine kinase (CK) level including MB subset (CK-MB) levels, and D-dimer levels. If the ER physicians decided that a patient needed further work-up after seeing the results of medical interview, physical examination, blood test, ECG, and chest radiography, they were able to add (CT) (16-row multi detector CT: Aquillion 16, Toshiba Medical Systems, Otowara, Japan), transthoracic or transesophageal echocardiography (Aplio SSA-700A, Toshiba Medical Systems), aortography, and MRI (Gyroscan Intera Achieva 1.5 T Pulsar, Philips Medical Systems, Eindhoven, the Netherlands) at the initial assessment in the ER.
Analysis of the diagnostic tests at the initial assessment in the ER
For the purposes of this study, each finding of chest radiography and ECG was re-assessed by two independent boarded-certified cardiologists, who know neither the patients' clinical course nor the assessment by the ER attending physicians. In the current analysis, we recorded whether chest radiography findings included a widened mediastinum, abnormal aortic contour, calcification of the thoracic aorta, and pleural effusion. For ECG findings, we defined ST elevation as elevation of ST segment ≥0.1 mV, ST depression as depression of ST segment ≥0.1 mV, T wave abnormality as inverted or flattened T wave, and left ventricular hypertrophy as RV5 or RV6 ≥2.5 mV or the sum of RV5 or RV6 plus SV1 or SV2 ≥3.5 mV. We reviewed the type and the number per patient of imaging studies performed at initial assessment.
Definition and analysis of misdiagnosis of AAD
We defined misdiagnosis of AAD as failure to diagnose AAD at the end of the initial assessment in the ER. We compared clinical features and in-hospital outcome between the misdiagnosed and diagnosed patients, and sought predictors of the misdiagnosis of AAD. This study was approved by the institutional review board of the Yokohama City Minato Red Cross Hospital.
Statistical analysis
Quantitative variables are presented as mean ± standard deviation and categorical variables as percentages. Continuous variables were compared using Student's t-test when the variables showed normal distribution, or the Mann-Whitney U test when they did not. Categorical data were compared using Fisher's exact tests. Multivariate regression analysis was performed to determine independent predictors of misdiagnosis of AAD. The likelihood ratio test was used, and we included predictors with a p-value <0.10 on univariate logistic regression analysis when conducting multivariate logistic regression analysis. A p-value <0.05 was considered statistically significant. All data analyses were carried out using SPSS version 18.0 (SPSS, Inc., Chicago, IL, USA).
Results
Patient clinical characteristics
Ninety-two patients (84%) were correctly diagnosed with AAD; all of whom were diagnosed by contrast-enhanced CT on initial assessment. Misdiagnosis occurred in 17 patients (16%). Baseline clinical characteristics, ER admission route, AAD categorization, presenting pain characteristics of the correctly (n = 92) and incorrectly (n = 17) diagnosed patients are given in Table 1 . All of the variables studied were comparable between the two groups, with the exception of higher proportions of walk-in (29% vs. 10%, p = 0.042) and anterior chest pain (71% vs. 41%, p = 0.025) patients being observed in the misdiagnosed patient group.
Diagnostic test findings
Blood test, chest radiography, and ECG results are presented in Table 2 . WBC count, CRP level, CK level, and CK-MB level were measured in all patients, and D-dimer level in 90 patients (83%). Chest radiography was performed in 108 patients (99%), ECG in 105 patients (96%). All blood test, chest radiography, and ECG parameters studied were comparable between the two groups, with the single exception of a widened mediastinum which was observed less frequently in the misdiagnosed patient group than in the diagnosed patient group (25% vs. 55%, p = 0.023). In this study, 5 patients had coronary artery involvement, which was confirmed by surgical findings. Of the 5 patients with coronary artery involvement, 4 patients had some ST-T segment abnormalities of ECG. Of the 104 patients without coronary artery involvement, 100 patients received ECG, and 47 patients (47%) had some ST-T segment abnormalities.
Findings of the imaging studies on initial assessment are presented in Table 3 . CT of the thorax, abdomen, and pelvis was performed in 99 patients (91%). CT was less frequently performed in misdiagnosed patients than in diagnosed patients (41% vs. 100%, p < 0.001). In particular, contrast-enhanced CT was less frequently performed in misdiagnosed patients than in diagnosed patients (12% vs. 100%, p < 0.001). There was no significant difference in the frequency of the patients receiving echocardiography between misdiagnosed patients and diagnosed patients (41% vs. 52%, p = 0.405). MRI was rarely performed. Aortography was not performed. The number of imaging studies per patient at the initial assessment was fewer in misdiagnosed patients than in diagnosed patients (0.82 ± 0.81 vs. 1.53 ± 0.52, p < 0.001).
Misdiagnosed patients
The breakdown of the initial diagnosis of the 17 patients whose AAD was missed was as follows: ACS (n = 10), other cardiovascular disease (pericarditis, n = 2; hypertensive emergency, n = 1), abdominal disease (ureterolithiasis, n = 2; acute gastritis, n = 1), and cerebral infarction (n = 1).
Diagnostic triggers of the 17 misdiagnosed patients were as follows: 9 patients were diagnosed as AAD incidentally on contrast-enhanced CT findings ordered for other diseases. Four patients were diagnosed on contrast-enhanced CT ordered for suspicion of AAD after other diseases were ruled out. Two patients were diagnosed on echocardiography (n = 1) or aortography (n = 1), which was performed during cardiac catheterization, because they showed abnormality of the aortic lumen. Two patients were initially overlooked and ultimately diagnosed by re-evaluation of contrast-enhanced CT performed at the initial ER assessment.
Of the 10 patients misdiagnosed with ACS, 6 patients had some ST-T segment abnormalities, 1 patient had left ventricular hypertrophy without ST-T segment abnormalities, and 3 patients had no abnormalities of ECG. Four patients underwent emergent coronary angiography and 2 patients had coronary artery involvement. Seven patients were treated with antithrombotic agents. One patient who received cardiac catheterization and antithrombotic agents died after emergent surgery.
Predictors of misdiagnosis
Univariate and multivariate predictors of misdiagnosis of AAD are presented in Table 4 . In univariate logistic regression analysis, walk-in mode of admission, severe or worst ever pain, anterior chest pain, and widened mediastinum were predictors for misdiagnosis of AAD with a p-value < 0.10. In multivariate logistic regression analysis, walk-in mode of admission was the strongest predictor of misdiagnosis of AAD (odds ratio 4.777; 95% confidence interval 1.267-18.007; p = 0.021). Anterior chest pain was also an independent predictor (odds ratio 3.465; 95% confidence interval 1.061-11.314; p = 0.040).
Clinical course and in-hospital outcome
Thirty-nine patients (36%) underwent urgent operation for AAD, and 17 patients (16%) died during hospitalization. Although misdiagnosed patients had a significantly longer interval from admission to diagnosis, their mortality rate was comparable to correctly diagnosed patients (18% vs. 15%, p = 0.520) ( Table 5 ). The percentage of patients who received urgent operation for AAD was also comparable between misdiagnosed patients and diagnosed patients (29% vs. 37%, p = 0.349).
Regarding Stanford classification, of 42 patients with type A AAD, 34 patients (81%) underwent surgical treatment, and 11 patients (26%) died during hospitalization. Of the 67 patients with type B AAD, 5 patients (7%) underwent surgical treatment, and 7 patients (9%) died during hospitalization.
Discussion
The present study identified three factors leading to missed diagnosis of AAD, namely, mild clinical presentation not suggestive of critical disease, mimicry of another disease, and lack of typical symptoms and findings.
The foremost factor leading to failure to diagnose AAD is perceived mildness of disease at presentation. In this study, AAD was undetected in 36% (5 of 14) patients who walked into the ER, compared to 13% of patients who arrived by ambulance (p = 0.042). Of 5 patients who walked into the ER Continuous variables are expressed as mean ± standard deviation. CRP, C-reactive protein; WBC, white blood cell; CK, creatine kinase; CKMB, creatine kinase MB subset. A second factor leading to misdiagnosis was when clinical symptom and laboratory findings suggested another disease. AAD can mimic clinical symptoms and abnormal laboratory findings of any organ, including the heart, brain, spinal cord, intestines, kidney, and extremities, because AAD can result in occlusion of any branch of the aorta and provoke systemic inflammation and blood coagulant abnormality [1, 2, 6, 12] . As in previous studies, our study found the most frequent misdiagnosis to be ACS, which is understandable because typical symptoms of both AAD and ACS are acute onset of severe chest or back pain [8, 9] . To make matters worse, typical ECG findings of ACS including ST segment shift and T wave change are often observed in patients with AAD [13] . The main hazard of misdiagnosing AAD as an ACS is inappropriate administration of antithrombotic agents [9] . Another is performing cardiovascular catheterization during the hemodynamically unstable state. In this study, of 10 patients misdiagnosed as having ACS, antithrombotic agents were prescribed in 7 patients and emergent cardiac catheterization was performed in 4 patients, of whom 2 patients had coronary flow compromise by dissection. Misdiagnosis leads to delay of diagnosis and treatment, and exposure to inappropriate drugs.
A third feature of misdiagnosed patients was absence of typical symptoms or laboratory findings of AAD. Widened mediastinum and abnormal aortic contour on chest radiography are reported to be useful in the diagnosis of AAD [14] . However, 20% of patients with AAD do not have these manifestations [2] . In our study, widened mediastinum was less frequent in the misdiagnosed patient group than in the diagnosed patient group (25% vs. 55%, p = 0.023). Chest radiography is of limited value for ruling out the possibility of AAD. Sudden onset of severe chest or back pain is the most common symptom of AAD. However, previous studies have reported the frequency of painless AAD to be 5-15% [3] [4] [5] , and that patients with painless AAD have higher mortality than those with painful AAD. Eleven percent of our study patients (12/109) had painless AAD, comparable to previous studies. Furthermore, the classical and typical presentation of AAD such as migratory pain and differential blood pressure have high specificity for AAD, but are not frequent in patients with AAD [2] . Our study results reinforce the fact that AAD should not be ruled out even if patients present without typical symptoms, signs, and chest radiographic findings of AAD.
In patients presenting with suspicion of AAD, D-dimer has been reported to be a good rule-out marker. A recent study demonstrated that D-dimer using the cut-off value of 500 ng/ml showed a high sensitivity of 96.6% and a high negative predictive value of 97.6% [15] . However, D-dimer is also elevated in many diseases, such as pulmonary embolism [16, 17] , ACS [17] [18] [19] , and stroke [20] , which can and do mimic clinical presentation of AAD. If patients present to the ER with elevated D-dimer level and without typical clinical presentation of AAD, physicians may not perform diagnostic imaging studies. In our study, 13 of 17 misdiagnosed patients (76%) had D-dimer levels assessed and all of them had D-dimer >500 ng/ml, but 11 patients still did not receive contrast-enhanced CT because AAD was not suspected. To reduce the misdiagnosis of AAD, there is a necessity of the biochemical markers with higher specificity for AAD such as smooth muscle myosin heavy chain [21, 22] .
The percentage of misdiagnosed AAD was 16% in our study, which is lower than that of previous studies [3, 8, 9] . Several factors may be responsible for this. We only included patients admitted to the ER, where diagnostic tests are readily and immediately available, relative to an outpatient clinic. We also excluded patients with chronic aortic dissection, who frequently show an unusual and subtle presentation [23] , which sometimes leads to misdiagnosis. Thirdly, D-dimer (83%) and contrast-enhanced CT (86%) were performed with high frequency on initial assessment, likely also contributing to our low misdiagnosis rate. Of the 94 patients who underwent contrast-enhanced CT, 92 patients (98%) were diagnosed as AAD in the initial assessment. Of the 17 misdiagnosed patients, 10 patients did not undergo CT, and 5 patients underwent unenhanced CT only. Physicians should perform contrast-enhanced CT in patients who are suspected of having AAD or not ruled out AAD, because contrast-enhanced CT has high sensitivity and specificity [7] .
Limitations
First, this study was relatively small-scale and retrospective analysis conducted at a single institution, leading to possible bias in the patient population. Secondly, our study did not include patients who were diagnosed only at autopsy. Many patients with AAD may die prior to diagnosis. For deaths of uncertain cause occurring within 24 h of hospital admission, the autopsy is not done in the hospital but in the coroner's office in Japan. Therefore, we did not include autopsy data in our study by design. We did not have all data of the autopsies. If we had included autopsy data, the misdiagnosis rate might have been higher.
Conclusions
AAD may demonstrate diverse symptoms of various types of severity, which lead physicians to its misdiagnosis. We found three factors were associated with misdiagnosis of AAD, namely mild clinical presentation not suggestive of critical disease, mimicry of another disease, and absence of typical symptoms and findings. These findings emphasize the necessity of finding biochemical markers with higher specificity for AAD, or of conducting studies to assess the cost vs. benefit of lowering the threshold for imaging studies.
